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IN THE CLAIMS: 

Please amend claims 1, 17, 25, 31, 33, and 37, as set forth below. Also, please 
cancel claims 28-30 and add new claims 49-63. Please note that all claims currently 
pending in the application are included below for clarity, and a marked up version of the 
claims is appended at the end of this response. 
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1 . (Twice Amended) A thermal management system located on an 
integrated circuit die comprising: / 

a temperature detection element formed directly on an integrated circuit die, the 

temperature detection elempt including at least one temperature sensor having an 
output; 

a power modulation element fon^ed directly on the integrated circuit die, the power 

modulation element to ieduce power consumption of the integrated circuit die in 
response to the outpiu of the at least one temperature sensor; 

a control element formed directly on the integrated circuit die, the control element 
including at least one register to provide an enable/disable bit for the thermal 
management system; and 

a visibility element formed directly on the integrated circuit die, the visibility element to 
indica t e a status of the output of the at^east one temperature sensor. 
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2. (Amended) The system of claim 1, the at J^st one temperature sensor 
comprising: 

a reference voltage source providing a referenc^oltage; 

a progranamable voltage source providing a^rogrammable voltage proportional to a 
temperature of the integrated drcuit die; and 

a comparator having one input comfled via a first signal line to the reference voltage 
source and another innui coupled via a second signal line to the programmable 
voltage source, the^<^mparator to provide a signal at the output of the at least one 
temperature sep^r in response to the programmable voltage substantially 
equaling thpreference voltage. 
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1 3. (Amended) The system of claim 2, further comprising a pulse dampener 

2 coupled to the first signal line, the pulse dampener to at least partially remove electrical 

3 noise from the reference voltage. 




1 4. (Amended) The system of claim 2, further comprising an analo^^filter 

2 coupled to the second signal line and the first signal line, the analog filter to^detect 



3 voltage spikes present in the reference voltage and to add substantially identical voltage 

4 spikes to the programmable voltage. 




1 5. (Amended) The system of claim 2, further cwnprising a digital filter 



/ 

2 coupled to an output of the comparator, the digital filtermcluding an up-down counter to 

3 count clock pulses, the up-down counter to incrementonce for each clock pulse detected 



4 when the comparator output is at a first state and^cllecrement once for each clock pulse 

5 detected when the comparator output is at a second state. 



1 6. (Amended) The system^of claim 1, the control element further including 

2 at least one of a register to selectively disengage a specified portion of the thermal 

3 management system, a register to^able the thermal management system in response to 

4 an occurrence of an extemaj^event, a register to force the thermal management system 

5 active while overriding a disable bit provided by the at least one register, and a register to 

6 allow extemal softwarei^d hardware to enable the thermal management system. 




1 7. (Amended) The system of claim 1, the visibility element including at least 

2 one of a regi^r to indicate the status of the temperatiu-e sensor output, a register to 

3 provide a^ticky bit, a counter to count a number of lost clock cycles resulting from 

4 opemuon of the thermal management system, and circuitry to generate an interrupt when 

5 the output of the at least one temperature sensor transitions to a different state. 
1 ^ I 
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1 8. (Amended) The system of claim 1 , the power modulation element to 

2 reduce the power consumption of the integrated circuit die by performing4t least one of 

3 lowering a supply vohage to the integrated circuit die, lowering a frequency of a clock 

4 signal provided by intemal clock circuitry on the integrated circuit die, performing clock 
^ gating of the clock signal provided by the intemal clock circuitry ,:^performing clock 

6 throttling of the clock signal provided by the intemal clock circuitry, selectively blocking 

8 one of a plurality of functional units on the integrated circuit die, limiting instmctions 

9 sent to at least one of the plurality of functional units on/^e integrated circuit die, and 
10 changing a behavior of at least one of the plurality o£f^ctional units on the integrated 

/ 

1 9. (Amended) A microprocessoi^tomprising: 

2 a die having a plurality of functional units iormed thereon; 

3 intemal clock circuitry formed on the die and coupled to at least one of the plurality of 

4 functional units; and / 

5 a thermal management system fonr^ed directly on the die, the thermal management 

6 system including / 

7 a temperature detection element including at least one temperature sensor 

8 haviii^ an output; 

9 a power modulation element to reduce power consumption of at least one 

1 0 Af the functional units in response to the output of the at least one 

1 1 / temperature sensor; 

12 a QOntrol element including at least one register to provide an 

1 3 / enable/disable bit for the thermal management system; and 

14 /a visibility element to indicate a status of the output of the at least one 

15 // temperature sensor. 
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1 10. (Amended) The microprocessor of claim 9, the at least one terngprature 

2 sensor comprising: 



3 a reference voltage source providing a reference voltage; 

VV 

4 a programmable voltage source providing a programmable voltage proportional to a 




5 temperature of the die; and 

6 a comparator having one input coupled via a first signal line to the reference voltage 

7 source and another input coupled via a second signaUine to the programmable 

8 voltage source, the comparator to provide a signaLat the output of the at least one 



9 temperature sensor in response to the programmable voltage substantially 

10 equaling the reference voltage. 




1 11. (Amended) The microprocessor of claim 1 0, further comprising a pulse 

2 dampener coupled to the first signal line^^t^ pulse dampener to at least partially remove 

3 electrical noise fi"om the reference voltage. 

1 12. (Amended) Th^^mc^processor of claim 10, fiirther comprising an analog 

2 filter coupled to the second^ignal line and the first signal line, the analog filter to detect 

3 voltage spikes present imthe reference voltage and to add substantially identical voltage 

4 spikes to the programrnable voltage. 



/ 

13. (Amenc 



1 13. (Amended) The microprocessor of claim 10, fiirther comprising a digital 

2 filter couple^^o an output of the comparator, the digital filter including an up-down 

3 counter tpxount clock pulses, the up-down counter to increment once for each clock 

4 pulse detected when the comparator output is at a first state and to decrement once for 

5 eacin clock pulse detected when the comparator output is at a second state. 
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1 14. (Amended) The microprocessor of claim 9, the control eleme^further 

2 including at least one of a register to selectively disengage a specified pormn of the 

3 thermal management system, a register to enable the thermal management system in 

4 response to an occurrence of an external event, a register to force the^thermal 

5 management system active while overriding a disable bit provided/by the at least one 

6 register, and a register to allow extemal software and hardwar^to enable the thermal 

7 management system. 




1 15. (Amended) The microprocessor of claim 9, the visibility element 

2 including at least one of a register to indicate the status of the temperature sensor output, 

3 a register to provide a sticky bit, a counter to count a number of lost clock cycles 

4 resulting from operation of the thermal management system, and circuitry to generate an 

5 interrupt when the output of the at least ^ne temperature sensor transitions to a different 

6 state. 



1 16. (Amended) The^icroprocessor of claim 9, the power modulation 

2 element to reduce the powen<5onsumption of the at least one functional unit by 

3 performing at least one ofi4owering a supply voltage to the die, lowering a frequency of a 

4 clock signal provided^ the internal clock circuitry, performing clock gating of the clock 

5 signal provided by the internal clock circuitry, performing clock throttling of the clock 

6 signal provided by the internal clock circuitry, selectively blocking clock pulses of the 



7 clock signal provided by the internal clock circuitry, disabling at least one of the plurality 

8 of fimctional units on the die, limiting instructions sent to at least one of the plurality of 

9 functimial units on the die, and changing a behavior of at least one of the plurality of 
1 0 fiinoOonal units on the die. 



I 
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1 1 7. (Twice Amended) A computer system comprising: 

2 at least one memory device coupled to a bus; and 



at least one microprocessor coupled to the bus, the at least one microprocessor including 
a die having a plurality of functional units formed the^on; 
internal clock circuitry formed on the die and coupled to at least one of the 



plurality of functional units; and 
a thermal management system located on the di€, the thermal management 

8 system including j/^ 

9 a temperature detection element formed directly on the die, 

10 the temperature d^ection element including at least 

1 1 one temperature sensor having an output; 



12 a power modulaticai element formed directly on the die, the 

13 power modulation element to reduce power 

14 consur^tion of at least one of the functional units 

/ 

1 5 in^esponse to the output of the at least one 

16 temperature sensor; 

17 a control element formed directly on the die, the control 

18 / element including at least one register to provide an 

19 / enable/disable bit; and 

20 /a visibility element formed directly on the die, the visibility 

21 / element to indicate a status of the output of the at 

22 / least one temperature sensor. 




i 



Serial No. 09/784,255 



Attorney Docket No, 042390.P4728X 



1 18. (Amended) The computer system of claim 1 7, the at least one temperature 

2 sensor comprising: y 

3 a reference voltage source providing a reference voltage; j/^ 

4 a programmable voltage source providing a programmable voltage proportional te'^ 

5 temperature of the die; and 

6 a comparator having one input coupled via a first signal line to the reference voltage 

7 source and another input coupled via a second signal line totiae programmable 

8 voltage source, the comparator to provide a signal at tl^^utput of the at least one 

9 temperature sensor in response to the programmable voltage substantially 
10 equaling the reference voltage. 

1 1 9. (Amended) The computer system,<^ claim 1 8, further comprising a pulse 

/ 

2 dampener coupled to the first signal line, the ptilse dampener to at least partially remove 

3 electrical noise from the reference volta^/ 

1 20. (Amended) The computer system of claim 1 8, further comprising an 

2 analog filter coupled to the second signal line and the first signal line, the analog filter to 

3 detect voltage spikes present-^n the reference voltage and to add substantially identical 

/ 

4 voltage spikes to the programmable voltage. 

/ 

1 21 . (Amended) The computer system of claim 1 8, further comprising a digital 

2 filter coupled to an output of the comparator, the digital filter including an up-down 

3 counter to count clock pulses, the up-dovm counter to increment once for each clock 

4 pulseddtected w^hen the comparator output is at a first state and to decrement once for 

5 each clock pulse detected when the comparator output is at a second state. 
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1 22. (Amended) The computer system of claim 17, the control element^rther 

2 including at least one of a register to selectively disengage a specified portion of4he 

3 thermal management system, a register to enable the thermal manageme^s^^tem in 

4 response to an occurrence of an external event, a register to force the thermal 

5 management system active while overriding a disable bit provided^by the at least one 

6 register, and a register to allow external software and hardwaj^o enable the thermal 

7 management system. 



1 23. (Amended) The computer system o&claim 17, the visibility element 

2 including at least one of a register to indicate the**§tatus of the temperature sensor output, 

3 a register to provide a sticky bit, a counter toxount a number of lost clock cycles 



4 resulting from operation of the thermal management system, and circuitry to generate an 

5 interrupt when the output of the at lea^J-^e temperature sensor transitions to a different 

6 state. 

1 24. (Amended) The computer system of claim 17, the power modulation 

2 element to reduce the power consumption of the at least one functional unit by 

3 performing at least one (A lowering a supply voltage to the die, lowering a frequency of a 

4 clock signal providecLoy the intemal clock circuitry, performing clock gating of the clock 

5 signal provided by^tfie intemal clock circuitry, performing clock throttling of the clock 

6 signal provided by the intemal clock circuitry, selectively blocking clock pulses of the 

7 clock signal nmvided by the intemal clock circuitry, disabling at least ore of the plurality 

8 of fiinction^ units on the die, limiting instructions sent to at least one of the plurality of 

9 ftinctionafl units on the die, and changing a behavior of at least one of the plurality of 
10 ftincticmal units on the die. 
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1 25. (Twice Amended) A method comprising: ^ 

2 providing an enable bit to a register to activate a thermal management system of a die; 

3 measuring a temperature on the die with a sensor of the thermal management system; 

y{ / 

4 providing a first state at an output of the sensor when the temperature is below a trip 

5 point; / 

6 providing a second state at the sensor output when the temp^ature equals or exceeds the 

7 trip point; / 

8 in response to the sensor output having the second stat^ engaging a power reduction 

9 mechanism for a specified time period to reduce power consumption of the die; 
1 0 polling the sensor output after expiration of thespecified time period; 

engaging the power reduction mechanism format least another one of the specified time 



12 periods if the sensor output exhibUs'the second state; and 

13 halting the power reduction mechanisnuwhen the sensor output exhibits the first state. 



1 26. (Amended) The m^ethod of claim 25, further comprising engaging the 

2 power reduction mechanism tajperform at least one of lowering a supply voltage to the 

3 die, lowering a frequency of^a clock signal provided by internal clock circuitry on the die, 

4 performing clock gating of the clock signal provided by the internal clock circuitry, 

5 performing clock throttling of the clock signal provided by the internal clock circuitry, 

f 

6 selectively blocking^clock pulses of the clock signal provided by the internal clock 

7 circuitry, disabling at least one of a plurality of functional units on the die, limiting 

8 instructions sent to at least one of the plurality of functional imits on the die, and 

/ 

9 changing a behavior of at least one of the plurality of functional units on the die. 




1 /ll. (Amended) The method of claim 25, further comprising providing an 

2 enatj^e bit to the register firom an external operating system. 
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1 31. (Twice Amended) The method of claim 25, further comprising: 

2 incrementing an up-down counter coupled with the sensor output once for every clock 

3 pulse of the clock signal provided by the intemal clock^rcuitry when the sensor 

4 output exhibits the first state; and 

5 decrementing the up-down counter once for every clock pulse of the clock signal 

6 provided by the intemal clock circuitry whgn the sensor output exhibits the 

7 second state. 

1 32. (Amended) The method af claim 25, further comprising: 

2 defining a plurality of trip temperatures, a highest of the plurality of trip temperatures 
corresponding to the trip point; 

4 assigning a plurality of duty cycle values to the plurality of trip temperatures, one duty 

5 cycle value of the pluimity of duty cycle values corresponding to at least one of 



6 the plurality of trimfemperatures; and 

7 providing a clock signaV&om the intemal clock circuitry exhibiting the one duty cycle 

8 value in response to the temperature substantially equaling that at least one 

9 corresponding trip temperature. 

1 33. /(Twice Amended) The method of claim 25, further comprising counting a 

2 number of pst clock cycles resulting fi-om engagement of the power reduction 

3 mechanisjr 
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1 34. (Amended) An apparatus comprising: 

2 a temperature detection element, the temperature detection elemenj^ncluding at least one 

3 temperature sensor having an output; 

4 a power modulation element, the power modulation element to reduce power 

5 consumption of an integrated circuit die in respo^ to the output of the at least 

6 one temperature sensor; 



/ 



7 a visibility element, the visibility element to indicate a status of the output of the at least 

8 one temperature sensor, the visibility ef^ment including 

9 a register to indicate the status of the output of the at least one temperature sensor; 

10 a register providing a sticky bit/^ 

1 1 a counter to count a number of lost clock cycles resulting from operation of the 

12 apparatus; and / 

1 3 circuitry to generate aminterrupt when the output of the at least one temperature 

1 4 sensor transitions to a different state. 

/ 

1 35. (Amended) The apparatus of claim 34, further including a control 

2 element, the controLelement comprising: 

3 a register to provy^ an enable/disable bit for the apparatus; 

4 a register to selectively disengage a specified portion of the apparatus; 

5 a register to emble the apparatus in response to an occurrence of an external event; 

6 a register xjioiz^ the apparatus active while overriding a disable bit provided at the 

7 enable/disable bit; and 

8 a register to allow external software and hardware to enable the apparatus. 
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1 36. (Amended) The system of claim 34, the power modulation element to 

2 reduce the power consumption/^me integrated circuit die by performing at least one of 

3 lowering a supply voltage^the integrated circuit die, lowering a frequency of a clock 

4 signal provided by internal clock circuitry on the integrated circuit die, performing clock 

5 gating of the clocb^nal provided by the internal clock circuitry, performing clock 

6 throttling of thei^ock signal provided by the internal clock circuitry, selectively blocking 

7 clock pulse^^f the clock signal provided by the internal clock circuitry, disabling at least 

8 one of aiMurality of functional units on the integrated circuit die, limiting instructions 

9 sent t/at least one of the plurality of functional units on the integrated circuit die, and 

10 ch^ging a behavior of at least one of the plurality of functional units on the integrated 

1 1 gfircuit die. 



37. (Amended) A/fnethod of forming a thermal management system on an 
integrated circuit die comjmsing: 

forming a temperature detection element directly on a die; 
forming a power modiJation element directly on the die; 
forming a control element directly on the die; and 

forming a visibilitv^lement directly on the die. . 





1 38. The method of^faim 3 7, further comprising calibrating a temperature 

2 sensor associated with the jidmperature detection element. 

1 39. The r9€thod of claim 37, further comprising forming at least one 

2 functional unit on Ae die. 



1 

2 
3 



40. /The method of claim 39, further comprising forming circuitry on the die 
common to me at least one functional unit and at least one of the temperature detection 
element, nower modulation element, control element, and visibility element. 
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1 41. An apparatus comprising: / 

2 a first register to provide an enable/disable bit for a thermal management system on an 

3 integrated circuit die; ^ 

4 a second register to selectively disengage a specified portion of the thermal management 

5 system; / 

6 a third register to enable the thermal management system in response to an external 

7 event; ^ 

8 a fourth register to force the thermal/management system active while overriding a 

9 disable bit provided by the^nrst register; and 

10 a fifth register to allow extemaLsoftware and hardware to enable the thermal 

1 1 management system. / 

1 42. The apparatus of claim 41 , further comprising a visibility element to 

2 indicate a status of an oii^ut of a temperature sensor associated with the thermal 

3 management system. / 

1 43. The/apparatus of claim 42, the visibility element comprising: 

2 a register to indicate the status of the temperature sensor output; 

3 another registe/to provide a sticky bit; 

4 a counter to cpunt a nimiber of lost clock cycles resulting firom operation of the thermal 

5 maimgement system; and 

6 circuitry tp generate an interrupt when the temperature sensor output transitions to a 

7 different state. 

1 / 44. The apparatus of claim 42, fiirther comprising a power modulation 

2 elerment to reduce power consumption of the integrated circuit die in response to the 

3 tenroerature sensor output. 
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1 45. An apparatus comprising: X 

2 a register to indicate a status of an output of a temperature sensor a^ociated with a 

3 thermal management system on an integrated circuit dief 

4 another register to provide a sticky bit; / 

5 a counter to count a number of lost clock cycles resulting from operation of the thermal 

6 management system; and / 

1 circuitry to generate an interrupt when the temperature sensor output transitions to a 

■ / 

1 46. The apparatus of claim 45, further comprising a control element including 

/ 

2 a first register to provide an enable/disable bit for the thermal management system. 

/ 

1 47. The apparatus of claim 46, the control element further comprising: 

/ 

2 a second register to selectively disengage a specified portion of the thermal management 

3 system; / 

4 a third register to enable the thermal management system in response to an external 

5 event; / 

6 a fourth register to^Torce the thermal management system active while overriding a 

7 disable bit provided by the first register; and 

8 a fifth register'^o allow external software and hardware to enable the thermal 

9 management system. 

1 /48. The apparatus of claim 46, fiirther comprising a power modulation 

2 elenrent to reduce power consumption of the integrated circuit die in response to the 

3 temperature sensor output. 

Please a^ new claims 49-63, as set forth below. 



^ (New) The method of claim 25, fiirther comprising providing an 

indicanon of a status of the sensor output to an external device. 
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1 50. (New) A method comprising: 

2 activating a thermal management system of a die; 

3 measuring a temperature on the die with a sensor of the thermal management system; 

4 providing a first state at an output of the sensor when the temperature is below a trip 

5 point; 

6 providing a second state at the sensor output when the temperature equals or exceeds the 

7 trip point; 

8 engaging a power reduction mechanism for a specified time period in response to the 

9 sensor output having the second state; 

1 0 polling the sensor output after expiration of the specified time period; and 

1 1 halting the power reduction mechanism when the sensor output exhibits the first state. 

1 51. (New) The method of claim 50, ftirther comprising engaging the power 



2 reduction mechanism to perform at least one of lowering a supply voltage to the die, 

3 lowering a fi-equency of a clock signal provided by internal clock circuitry on the die, 

4 performing clock gating of the clock signal provided by the internal clock circuitry, 

5 performing clock throttling of the clock signal provided by the internal clock circuitry, 

6 selectively blocking clock pulses of the clock signal provided by the internal clock 

7 circuitry, disabling at least one of a plurality of fimctional units on the die, limiting 

8 instructions sent to at least one of the plurality of fimctional units on the die, and 

9 changing a behavior of at least one of the plurality of fimctional units on the die. 

1 52. (New) The method of claim 50, fiirther comprising providing an enable 

2 bit to a register from an external operating system to activate the thermal management 

3 system. 
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1 53. (New) The method of claim 50, further comprising: 

2 incrementing an up-down coimter coupled with the sensor output once for every clock 

3 pulse of a clock signal provided by intemal clock circuitry on the die when the 

4 sensor output exhibits the first state; and 

5 decrementing the up-down counter once for every clock pulse of the clock signal 

6 provided by the intemal clock circuitry when the sensor output exhibits the 

7 second state. 

1 54. (New) The method of claim 50, further comprising: 

2 defining a plurality of trip temperatures, a highest of the plurality of trip temperatixres 

3 corresponding to the trip point; 

4 assigning a plurality of duty cycle values to the plurality of trip temperatures, one duty 

5 cycle value of the plurality of duty cycle values corresponding to at least one of 

6 the plurality of trip temperatures; and 

7 providing a clock signal from intemal clock circuitry on the die, the clock signal 

8 exhibiting the one duty cycle value in response to the temperature substantially 

9 equaling the at least one corresponding trip temperature. 

1 55. (New) The method of claim 50, fiirther comprising counting a number of 

2 lost clock cycles resulting from engagement of the power reduction mechanism. 

1 56. (New) The method of claim 50, further comprising providing an 

2 indication of a status of the sensor output to an external device. 
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1 57. (New) A method comprising: 

2 activating a thermal management system of a die; 

3 measuring a temperature on the die with a sensor of the thermal management system; 

4 providing a first state at an output of the sensor when the temperature is below a trip 

5 point; 

6 providing a second state at the sensor output when the temperature equals or exceeds the 

7 trip point; 

8 engaging a power reduction mechanism in response to the sensor output having the 

9 second state; 

10 providing the first state at the sensor output when the temperature is below an untrip 

1 1 point, the imtrip point less than the trip point; and 

12 halting the power reduction mechanism in response to the first state. 

1 58. ^ (New) The method of claim 57, further comprising engaging the power 

2 reduction mechanism to perform at least one of lowering a supply voltage to the die, 

3 lowering a frequency of a clock signal provided by internal clock circuitry on the die, 

4 performing clock gating of the clock signal provided by the internal clock circuitry, 

5 performing clock throttling of the clock signal provided by the internal clock circuitry, 

6 selectively blocking clock pulses of the clock signal provided by the internal clock 

7 circuitry, disabling at least one of a plurality of functional units on the die, limiting 

8 instructions sent to at least one of the plurality of functional units on the die, and 

9 changing a behavior of at least one of the plurality of functional units on the die. 

1 59. (New) The method of claim 57, further comprising providing an enable 

2 bit to a register from an external operating system to activate the thermal management 

3 system. 
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1 60. (New) The method of claim 57, further comprising: 

2 incrementing an up-down counter coupled with the sensor output once for every clock 

3 pulse of a clock signal provided by internal clock circuitry on the die when the 

4 sensor output exhibits the first state; and 

5 decrementing the up-down counter once for every clock pulse of the clock signal 

6 provided by the internal clock circuitry when the sensor output exhibits the 

7 second state. 

1 61. (New) The method of claim 57, further comprising: 

2 defining a plurality of trip temperatures, a highest of the plurality of trip temperatures 

3 corresponding to the trip point; 

4 assigning a plurality of duty cycle values to the plurality of trip temperatures, one duty 

5 cycle value of the plurality of duty cycle values corresponding to at least one of 

6 the plurality of trip temperatures; and 

7 providing a clock signal fi-om internal clock circuitry on the die, the clock signal 

8 exhibiting the one duty cycle value in response to the temperature substantially 

9 equaling the at least one corresponding trip temperature. 

1 62. (New) The method of claim 57, further comprising coxmting a number of 

2 lost clock cycles resulting from engagement of the power reduction mechanism. 

1 63, (New) The method of claim 57, further comprising providing an 

2 indication of a status of the sensor output to an extemal device. 
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